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1, This experiment was oarried cut in ‘trder £o find improved methoads of indioat-
ing altitude and similar informatiom 'hioh mquiroe very great soale langth for suf-
fiolently preoise presentatiom.

L

B, FACTUAL DATA.

2. A pllot ipterview study oarried out previouely by the Psychology Brauch of
the Aero Mediosl laborat ay (Memorandum Report Ko. TERAA-69L~-12a) indioated that
reading srrors of 1,000 feet or more ooour very frequently in reading of the conven-
tional altimeter. Most of the reported reading errors were 1,000 feet tooc high, and
in several inetanoss resulted in collision with the ground,

3. Appendixz I reporis in detail an investigation which determined the speed and
aocuracy of altitude readings from nine experimental indioator designs, inocluding the
oonventional altimeter, FPrinted test booklets presented twelve settings on each of
the nine indicators. These test booklets were administered to 97 AAF pilote in the
Instrument School at Barksdale Fileld, Louisiana and to 79 college students at Denismn
University, Granville, Ohio,

L. The ocnventiomal altimeter wea found to be a very diffioult instrument to
read, Even AAP pilots who had spent several years {lying by this instrument required
7.1 seomds interpretation times to read all three hands, and 11.7 peromt of their
readings were in error by 1,000 feet or more. Of the pilots, 70.1 peroent made at
least one orror in reading the 12 different settings of the conventional altimeter.

S. All experimental indioators whioh involved e oabinetion of pointers (or
pointers and non-intermittently rotating dials) were very diffisult to read.

6. The indiestors whieh were easily resd were: (a) a semsitive pointer and
Yeeder type ocounker eabimtion; (¥) me soale md coumnter oambination
(o).m‘mmm o8 reading counter,
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C. CONCLUSIONS.

7. The following oonclusicns are drewn from this investigation regarding desipgn
features of multi-revolution instruments in relatiom to speed and accuracy of readings

a. The ocmventioal altimeter and similar mltiple-pointer instruments are
very difficult to read, Not only is the time for reading such lnstruments very long,
but & omsiderable proportion of the readings are in srror by me or more ocmplete
revolutions of the sensitive pointer.

b. The ease with whioch muilti-revolution instruments can be read is greatly
inereased by the use of a Veedsr type omnter instead of supplementary pointers to
indieate the mmber of revolutions of the eensitive pointer,

0. A very long vertiocal eosle moving behind a window, or a repeating verti-
oal soale combimed with a oocunter, is relatively easy to read quantitatively {(ut
may be less desiradble for check-reading than a moving pointer).

d., Part of the difficulty in reading multiple-pointer (or multiple-dial and
pointer) instruments results from the necessity of combining mentally several sepa-
Tate indications, The Aiffioulty in reading is proportional to the mumber of much
separats indiocations to be combined.

e, Additional diffioulty in the reading of multiple-pointer instruments
results because the non-sensitive pointers (1,000~ and 10,000-foot pointers on the
altimeter) mst often be read not to the number toward which they are pointing but
to the next lower mmber. Whioh mmber is to be read ocan be determined anly by

. simultanecus oonsideration of the position of the more sensitive pointer in relation

to the tero point on the ecale. Thisz difficulty can probably be overoome only by
intermittent motion on the moving pointers, dials, or counters whioch indioate the
numter of revolutions of the sensitive pointer,

f. Bearing in mind the reading requirewsnts of an altimeter for use by the
pilot, the ombinaticn of a sensitive pointer and oowunter offers the most promise.
Such an indiocator should, howmver, have the counter displaced appraximately 90 degree
from the sero position on the socale to prevent its being obscured by the pointer in
ite most oommon position,

‘De  EECOMMENDATIONS

8. On the basis of the findings of tids expeiment the following design festures
are reecmmsnded for altimeters and other sensitive or muiti~revolution instruments;

6. A single semsitive peinter with a Veedar type oounter for indiocating the
mmber of cempleted peinter revelutiems adowe sero.

2

| 18 oWk B tpm during & very small angular exsursion
of the semsitive BEERRONTIS e

¢+ Dighhke . ; 3 a2 ‘:ﬁ 2 mise sdeguate for legibility under all opera
tiemal might - M
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d. Looation of the counter where it will not be obsoured by the sensitive
pointer in its most oammon position during flight (zero position an the altimeter).

9. It is recommended that the following aotions be taken by the organizations
indioated;

a. That the Instrument and Navigation Brenoh of the Bquipment laboratory
apply the adove dssign reocmmendations in future develomment and servioce testing of
pressure altimeters.

be That the Fire Cantrol Branch of the Airoraft Radiation leboratory apply
the above design reccmmendations in future develomment and service testing cf abso-
lute or radio altimeters.

0. That the above two organizatione ooordinate their respective deeigns in
cider to insure adequate visusl differentiatiomn between the two types of altimeter,
wnd thue prevent potential confusion between the two imstruments,

WNattin P_iHhatber

Prepared bys WALTER F, GRSTIRR, Ph D.

Approved by: PAUL ¥. FITTS, Ph. D,
Chief, Psyohclogy Brmach

AT

Approved by: A. P, GAGGR
Lt. Colonel, AC
Chief, Asro Medioal Cperstioms

Approved by: EIRARD J. K
Colonel, Medioal Corps
Chief, Aero ledical Ledorstory

s
PARPAVE s~ "W
Conourrences DAVID V., ST0CKMAN
Instrunent and Mavigation Brench

Buipment ledorstory
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AFPENDIX 1

The Bffeot of Variatians in Indicator Desigm Upon Bpeed and Acguracy of Altitude
. leadings
A. Introduotiom,

In a study recently oarried out by the Psychology Branoh of ths Aerc Medioal
laboratory and reparted in Memorandum Beport No., TERBAA-6Gl~12a, AAF pilots were asked
to repart personal experisnces in miereading of instruments during flight whioh
resulted or might have resulted in mocoidents.  Of the 270 oases of instrument
errors reparted in this study, there wesre more involving the altimster (37 cases)
than any other single imstrurent. In tho majority of the reported oases the alti-
meter was read 1,000 feet too high, In the typioal instance the pilot approaching an
airfield at night or under instrument conditions.reported suddenly seeing the ground
or trees uncomfortably near, while under the impreesion (from reading the altimeter)
that he was still 1,000 feat abow the ground. In eeveral such sases sollision with
the ground resulted.

The frequenoy with whioh altimeter misreadings have caused near aoccidents and non-
fatal acocidentr suggests that at least same of the more serioue unexplained orushes
have been cauced by this same type of human error. In a number of osses, notably the
loss of the Pmnsylvania Cemtrel Airlines DC-4 at Leesburg, Virginia, an June 13,
1947, misreading of the altimeter offers a plausible explanation, The actual ocoour-
rence of suoch an error oan, of ocurse, oe verified only by circumstantial evidence
unless the pilot survivee and oan recall events preceding the orash.

The grsater diffioulty experienced in reading the altimstar by comparisa with
other airoraft instrumente apparently aris=s from the faot that the readings of three
esparate pointers must be oanbined in order to obtain the desired information. On
the majority of airoraft instruments one revolution of a pointer on a oircular dial
{of 2 3/ inches or smaller dimmeter) gives sufficlient soale length to provide the
oeeded resding preocision, The altitude range in which caventicnal airoraft oparate
{roughly O to 10,000 feet) omnnot possibly be oovered in suffiolently small steps in
one revolution of a pointer cu a dial of oonventioual size, To gain suffisiet soale
length op the conventional altimeter the primary (or sensitive) pointer indiocates
altitude i{r hundreda of feet, and makes one revolution in 1,000 feet change of alti-
tude. The uther two pointers, whioh indiocate altitude in thousands and ten-thaisands
of feet, serve primarily to indicate the mumber of revolutione whioch the primary
nointer has made above sero altitude.

The altimeter is not the mly sensitive or multi-revolution instrument used in
airoraft., The olock is snother sueh instrumnt, and an earlier investigtion by the
Psychslogy Bramsh of the Aego Nedical laderetary (Memorantum Report No. TSRAA-GOL-S)
has shown tha$ 18 aleo is sdbjest 0 & eMsideradle mmber of errors in reading. A
mmber of other instrwments, nededly the tsshamster and airspsed indiocator, have been
uilt with 2eve WL WO TOWLuILon of WS grismry pointer md s suppiemsmbary
indieaticn (in'e WO ' ebtonte She wmiley of the revolutioa in whish

o e
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the poimter is operatisg, A mmber of fatal accidents have bemn attributed to
ineorrect engins settings resulting from misreadings of tiis type of tachometer, and
for this reason it is deing withdrewmn from uss, RErrors in reading tha ssnsitive or
mlti-revolution airspeed indicator have also been reported.

It wald seem from the foregoing evidence that an instrument an which two or
more separate indioations must be oombined in order to obtain a single quantitative
value is partisularly omducive to reading ditfiuulty and errors. Moreover, the
types of reading srrors reparted are usually of dangerous msgnitude, suoh as 1,000
oot of altituds, 1,000 revolutions per minute, or 100 miles per hour. PFor these
reasons it would seem to be partiocularly important to find the optimum methods of
displaying types of infomation which require greatsr soals length than oan be dis-
played by ms pointer revolutim.

In the present investigation the readability was investigated of nine possible
methods of displaying altitude data., This sxperiment was not only oarried out to
find msane of reduoing altimeter reading errors but also to find out wid oh display
methods; 1n general, are best suited for uss where omsiderable scale length is
required,

In & recemt Aero Mediocal leborstory Bsport (Memorendum Repart No. TERAA=9L~8b)
it was pointed cut that airoraft instruments serve thrse types of reading funotionss
(1) oheck reading - for aesuranos of & null, normal, or desired indioatiom; (2)
qualitative reading or interpretation - for the meaning of a deviation from a null or
normal oondition; and (3) quantitatiwe reading - for the sotual numeriocal valus of an
indication. In the oase of the altimeter, specifically, we ocan say that the pilot
my (1) merely check the instrument to find whether or not the reading has omnged
sinoe his last glanoe at the instrument; (2) observe the direction and magnitude of
pointer displacemsnt if a change has ocowrred; or (3) read the instrument in detail
to £nd his exmct altitude in feet. In normal flying the pilet probably uses the
altimster most frequently for the first two types of reading., During asoents and
desoents, partisularly under instrument oonditims, the third type reading for exact
quantitative information must be made. The method of evaluating altitude indicator
designs in this experiment is oonsidered to provids data only for the third of the
above three types of reading.

This report 1s ooncemed primarily with a oamparison of the speed and soouracy
with whioh diffsrent altimstsr designs oan be rsad. A subssquent report will pre~
sent & detailed analysis of the types of error made in reading the conventional
altimetsr {n the present experiment,

B. Experimatel Prosedure.

The nine alsitmie tmdieator designs ussd in this sxperiment are shom, along
with sae of the results, in figure 2. The first of these, design A, is & simulation
of altinsber almest utmo::ly used in AAF airplanss. On this instrument the
ongess gives readings in hmdreds of feet, the broad pointsr is read on the
.-....E’?:Mnm dﬁo-umunuonunm-uhm
Sanhhion gands .:m.';gmmp B 49 & slight wartent of the soamon Lnétrue
nowt, and a2se %gm qp. .1m %his design the amall 10,000-foot

-
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pointer is offset and indioates on & separate soals., Design C alsv similates an
existing btut not oocnmonly used type, in which only twec pointers are ueed, eash indi-
oating on a separate soale., This two-pointer design indioatee amly up to 20,000
Coet of altitude.

Altizeter design D uses & single pointer to indicate altitude in hundreds of
foet, This pointer makes one revclution for eaoh 1,000 feet change in altitude and
the m:ltiples of 1,000 feet are indicated on a Veeder oocunter type dieplay, This
oscunter has two drums, one for 1,000 foot and the other for 10,000 foot inorements.
It is sssumed that the motion of these drums would be intermittent and that eingle
whols mumbars wold always e showing.

In derign B, also, only cne polnter is used, but two dials rotating behind a
window indiocate the multiples of 1,000 fest. In this desigm the motion of the disls
shoming through the windcow ls assumed to be oortinuoue rather than intermittent, thus
pernit ting more than one number (or half numbers) to appear.

Daeipn I' indicates altitude in quite a different manner from the other instru-
morts., Tn this display the pointer is assumed to make only one revolution to cover
the entire altitude range. The range beinp oovered is indiocated in the window as
DL 1,000 fest, O - 10,000 feet, or & - 100,000 feot, The meaning of the numerals m
the 41al greduations 1s, tnerefore, detcrmined by the range indiocated in ths window.
This izdfoator is similar in prinoisle to a radio altimeter now in ure. It is clvias
tiat btue precizior of indicatioa ¢n such an instrucment deoreases as the range being
sovered incressss, :

Altieler deslgns G and il are similar in that they simulats a soale moving
verticslly behind & window. An instrument following design G oould uss either an
andlese ~are or drum to present the noving soale, with a Veedar oounter to indioste
maltiplea of 1,000 feet. An instrument using desizn H would require a very long tape
witn 4 scale covering the desired 2ltitude range,

Tre last experimental desin, ., simulutes & simple Vooder ocounter without eny
wovin. pointer cr comls, For reasons pointed out later in the discussiom of resuilte,
suok an indloator woulid probably he unsatisfactory fcr the pilot, but might be suit-
ahle Tar ~thar airorew members sus) ac the navigator, One of the major reasone for
iBziudling 1t in this study was to 29t ar spproximate measure of the time reguired to
copy 8 sories of mumbers representing au altitude reading, it being assumed that no
interpreta*icn tine would be involved in reading altitude from this typn of indisator

«r mazk of the altimetsr desisns used in this experiment u test booklet was
grejored, Jages 1 ead 2 of the tast booklet for design A, the conventionel alti-
meter, are reproduced in figure 1, The cover (page 1) of eash booklet presented the
axperimontal subjeot with detailed instructiams for reading the dial design in that
booklet, and a sample dial cr which to obtain praotice. On the two inside pages, 2
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and 3, the dial design was reproduced with i2 different settings. Under each piot-
ure was a spaoce for writing in the resding,.

8pecial precsautions were taken in ths preparation of the drawings and cholos of
altitude settings to be umd in the various test booklets to prevent bilasing the
results for or against any of the indioator desisps. The oiroular dials were 2 1/}
inches in dismetar, Fram this, other dimensions oan be estimated from figure 2,
A1l essential numerals and graduation marks were suffiolently large and distinet to
be easily legidble., Bxoept for the inner dials on designs B and C all soales were
alike in having mmerals at all 100=foot graduations with intervening marks at 20-
foot interwals, Other faotors equalized were the number of settings nbove and below
10,000 feot, the number of sensitive pointer settings on 100-foot gradustion wmarks,
the number of sensitive pointer settings just preceding and just following the 1,000~
foct graduation mark, and the number of sensitive pointer settings on the left snd
right halves of the dial, Frescauticne were also tsken to be sure that no essential
information was hidden by any of the hands, and that the interrelationships between
pointer positione were oorrect. For indicator design F same of the settinge were
nidway between greduation marks, For the remaining designs the sensitive pointer
(or reference mark) was always on a gradustion mark. Thus, no interpolation wae
required to obtain oorrect readinge,

The altineter reading test was taken by 97 AAF pllote in the Instrument 8chool
at Barksdals Fleld, Louisiana, and 79 college men (without AAF airorew experienoce)
at Denison University, Granville, Ohio. In administering the test, the booklets for
only one altimeter design were passsd cut at a time, and sufficient time allowed for
reading the instruotioms and warking the semple item. At a sgignal all subjeots
opened the dooklet and worked until ocompleting all items, Bach subject's oompletion
time was recorded on his booklet. Pour ssqences for adminigtering the nine test
booklets were used in order to oounterdalance for leaming sffects. An approximatsely
squal number of subjeots (in each of the two subjeot groups) took ths test in sach
sequsnce,

The two subject graips of dissimilar experience were used in coder t¢ get some
neasure of the effect of experience ou the ability to read the variois dial designs.
All of the AAF pllots oan de agsumed to have spent several years flying with altimeter
deeign A, and possidly some experisnce with designe B and C. The oo.lsge ma can be
assumed to have had little, if sny, experience in reading altitude f'om any type of
indicator. In general intelligenee and sducation the two groups were very similar.

The data cbbained in m:’hﬂg:u were asalysed o determioe the frequency
of errors exseeding S ‘140 tabls I whioh gives
the perean® ¢4bal Syyi ol v, and peroent srrors
of 3,000 fest o0 & ® of the errors included

wble resd - . e : i rs]!ri(m since ail settings
> g ; i - ba¥r 3t were produced by
™y assistance of Wr, D.
: ‘\ : “bmh&y.
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of the seneitive pointere were on graduation marks {exoept for deeign F whioh had
some settings midway between marke),

Speed of reading data are shown in table II for the nine indiocator deeigne. It
will be reomlled that the sutjeots wrote their answers in the test boaklets and the
time for completion wae recorded in each instapee., The average tims per reading could
thus be computed from the total time and the total number of items, but this time
includes the time for recording as well ae for reading or interpreting the instrument.
An estimate of the time for interpretation of the fnetrumsnt cmly wae cbtained oy
subtracting fram the average time for each deeign the average time for design I (the
Veeder counterj. The reading of altitude fran deeign I involved the mere ocopying of
the numbers slLown, and honce wae aesumed to requirs no interpretation.

1n table IX is ehown the nuxber of subjecte in eaok group who made one or more
errore in the twelve readings of eaoh deeign.

A reproduction of eash of the expsrimental indicator designe accompanied by
graphio illustretions of the more eignificant findings is provided in figure 2. The
upper pair of bars under each indlocator ehows the pereent of errore equal to or
exceeding 1,000 feet for the two groupe of eubjeots. The lower pair of bare givas
the ocomputed interpretastion time for s&ch of tne two groups of subjeote.

B. Discuesion of Results for Individual Indicator Deeigne.

Indicator design A

The results of this investigation, as ehomn in figure 1 and tables I, IT, uxd III
show that <hie deeign, which simulates the conventional altimeter, 16 & very diffi-
oult instrument fram which to cbtsin guantitetive readings as required in this study.
Bven the pilote, all of wham had spent eeveral years {lying with thie iretrumant,
epent more time per reading on thie indicator than on any of the other deeigns
studied. Only one of the remaining sight indicatore, deeign ¥, resulted in a higher
proportior of errare. It muet be conciuded that it is a very difficult task to omm-
bino into a single mmerical value the readings of three poirters indloating on a
eingle scale, as required in reading the omventional altimeter.

Indioator design B

Tris indicator diffesy) from that of dosign A w1y in havirng the 10,000-foct
polnter located of - onld . soals. This difference
slightly inoreased: : instrment oauld be read,
but the improvemest jffed w

§ 3 . in deaign C, resulted
ia a ) } . . I hzr.od::um“ a0y of
reading by P e th designs D
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Indioator desi pmb

This indiocator ueee omly one pointer, with the 1,000-foot and 10,000-foot indi-
oatiame provided by a somter. Sush a oombimtd.on proved to be very easy to read,
For AWF pilots the peroent of total errors was very low, 3.5 peromt, and only 1.7
00e. Was required for imterpretation (es contrested with 15.9 peroent and 7.1 see.
for the sonventiooal altimeter). More signifioant, perhaps, ie the finding thet only
0.7 percent of the errore equalled or exceeded 1,000 feet. Most of the errors in
resding indioator design D resulted from assigning 10 feet instead of 20 fest to each
of the gradmtion intervals betwsen numerals. PErrors from this scuroe are of such
amll magnitude thet they would seldam exoeed errors of the instrument iteelf, and
in any event would not be oonsidered as potential ocmuses of aoccidents,

Indieator dol&e y

The substitution for two of the pointers on the altimeter of two rotating dials
appearing through a window appears to have no advantage. This indicator was designed
so that under most oirouwmstences only oms muzber would appear on each of the two
rotating dials. But if such dials rotate oamtimuously (rather than intermittently)
during altitude ohanges, as sssumed in this test, it is inevitable that at eertain
settinge two numbecs will be equally visible, B8uoh indiocations are very diffioult
to read oorreotly.

Indioator design F

On this indiocator the range oovered by the indicating pointer and socale is
dependent upon range limits shovn in the window, Ths high proportim of errors and
eolow reading time indicate that the required shmges in interpretation of ths primmry
sotle are difficult for human beings to oarry out,

Indioator dssign @

A vertioal soale indicating up to 1,000 feet, with a counter to show the 1,000~
foot and 10,000=foot multiplss, as similated in dssign G, is read with oonsiderable
speed and & high level of acocursoy vhen exaot qumtitative readings are required.
The virtues of such an instrument for oheck reading and qualitative reading were not
evalusted in this study,

Indicator dum H

This instrument, »hich presents all indioatioms by means of a very long vertioal
soals, is very similar to design G in the manner of indioation nd in the speed and
aoouracy with whioh it is read,

Indiecator design I

This indieator, wileh similates a simpls Vesder counter, was read with greatest
speed and securasy of all the indieators. T™is would suggest that where anly quen-
Sitative readings ars to be provided this weuld be the most desirable type of imstru-
nmt,. It is believed slmt for sheek reading and for qualitative reading sush an
ingtrumemt would be quite inferior %0 ame using & moving pointer,

~10w



>

m. Div, nﬂm—@b-lh
2 September 197

P. Analysis of Geuses of Brror.

A dotailed analysis of the osusee of error, partiocularly for the oconventional
altimeter, will be presented in a later report. Hoawever, a number of genersl inter-
pretatioms oan be offered here, FProm the findings of the preeent etudy same of the
basis socurces of error and delay in obtaining readings on an instrument such as the
altineter would seem to be:

(1) A pointer is frequently read to the nearest nusber, rather than lowest
adjmoent number. Buch an error frequently cocurs in reading of the 1,000-foot pointer
on the omventional altimeter. This ie prodably the moet dangerous of all possibls
types of error, sinoe the actual altitude will always be 1,000 feet lower than that
at whioh the pilot thinks he is flying. It is belisved that most of the oases of
altimoter misreading unocovered in the earlier interview etudy (Memorandum Neport No.
TSRAA-69L-128) resulted from thie type of error. The best methud of eliminating this
souroe of error would seem to de intermittent motion of the 1,000-foot snd 10,000-
foot indioations, as oo the countere in designs D, G, and 1,

(2) The neocessity for resding in eucoeesion the indiostions of two or more
pointsrs, and remembering the several readinge wuntil a final combination ie achieved,
oconstitutes a rsther oomplicated mental procees. The ochancee of error, partioularly
of deoimal displacement of one or more digits, are very great. Indicator designs
D, G, B, and I simplify the reading prooese in ot least two waye. In the fi-st
place, the reading of a single digit directly is seelier than getting the ssme wvalue
from a pointer indioating om a ecale. In the seocnd place, eame or all of the digits
are presented in their proper sequence, thus reduoing the amount of combining whioch
mist be acoamplished mentally on the multiple pointer indicatore.

G. Applioation of Results to Problems of Indioating Altitude in Alroraft.

The rosults of this investigation show quite olearly that for providing exmot
quantitstive resdings st leest four indioator deeigne, D, @, H, and I, oan be read
with mich greater speed and aoccurecy than multiple pointer altimetere, Of these four
inetruments, dssign I (the Veeder counter) would probably be quite wneatisfactory as
ap altimeter for use by the pilot. To check read such wn indicator would require
reading several ssparate numerals which is more diffiocult and time-consuming than
merely observing the angular positim of a pointer. For qualitative reading, like-
wiee, this indioator would be rather unsatisfactory since the ohanging mmbere in the
window would be rather diffioult to interpret in tems of inoreases or deoreases in
altitude., On the other hand, the navigator, who uses the exast sltitude in hie cal~
oulations, would probably bensfit from suoh a direot reading instrument.

Indisators G and H, with the vertical sceles, would probably alsc be more dif-
fieult to cheok read than a moving pointer unless same speoial markings, suob as
heavy bars at the 500= sad 1,000-fect inbervals, were added to the seale. For indi-
sating direstiam emd rabe ond magnitude of altitude ohanges this type of
indienter would R B8 “gmgy; Mt further researeh is nseded o
this ”m. i d

T _j,.\'
£ AR NS “?ﬁsﬂ
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Indicator design D with & single sensitive pointer and s Veedsr oounter does, it
is believed, retain all of the advantages of the three-pointer altimeter for eass of
cheok snd qualitative reading. The results of this study show that for quantitative
reading, indiocator design D is greatly superior to the omventional altimeter. For
these ressons this modification of the altimeter, with a oounter replacing the 1,000~
and 10,000=foot pointers is considered as being the most promising of the nins designs
whioh were investigatsd.

Although this study demonstrates that the prinoiple of indiocation involved in
design D 1s very good, the partioular indicator shown in figure 2 is not necessarily
the optimm applioation of the principle. A numbder.of probabls improvemeuts oan be
suggested., In the first plece, the oounter should frobably not appsar direotly above
the pointer shaft. In this location it will be partially obscured by the pointer in
its most oosmon location, namely, straight up. It is suggested, instead, that the
counter be located tc the left of the pointer shaft, opposite the window used for
setting in barmetrioc pressure. Location of the counter to the side of, rather than
above, the pointsr shaft should also permit the use of larger oounter drums, This
should make possibls the use of very large mumerals as is important for obtalning
maximm speed of reading. A seoond possible improvement would be the Bhos-ant of
the zero position at the left side rather than at the top of the dial.c Ths, while
flying at same multiple of 1,000 feet, as is the usual procedurs, the pointer would
move upwarde for increases over the desired altitude smd dowmward for deoreases. If
this were done, howsver, the oounter should, ecmtrary to the previous suggestion, bs
looated above rather than to the left of the pointer ahaft,

H. Comolusions.

The follawing conolusions are drawn from this investigation regarding design feat-
ures of mlti-revolution instruments in relation to speed and soouracy of reading

1. The omventiomal altimeter and similar miltiple-pointer instruments are very
diffioult to read., Not only is the time for reading such instruments very long, but
a considerabls proportion of the reedings are in srror by one or more complets revo-
lutiums of the sensitive pointer.

2. The ease with whioch mlti-revolution instruments osn be read is grestly
increased by the uss of & Vesder type ocounter instead of pointers to indiocats the
number of revolutions of the sensitive pointer,

3. A very long vertioal soals moving behind a window, or a repeating vertiosl
soals oambined with & counter are relstively easy to read quanmtitatively (but may be
1ess desirsble for cheak-reading than & moving pointer).

2 2145 mggestion was made to the suthor by W Laigewiesche of the Kollamen
Iastroment Compeny.
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L. Pars of the d1fficulty in reading mltiple-pointer (or mltiple-dial and
pointer) instrwments results from the necessity of cambining mentally several separate
indieations., The &ifficulty in reading is proportimal to the number of such separate

indioations to de embdimed.

5. AMditimal 4ifficulty in the reeding of multiple-pointer instruments results
beosuse the ncw-semaitive pointers (1,000- end 10,000=foot pointers cn the altimeter)
mst often be resad not to the nuber toward which they are pointing btut to the next
lower mumber., Which muder is to be read oan be determined only by simltaneous oon-
sideration of the positim of the more senaitive pointer in relation to the zsero
point on the soale. This difficulty oan probadly be overeme omly by intermittent
motion on the moving pointers, dials, or ocounters which indioste the number of revo-
.lutions of the sensitive pointer,

6. Bearing in mind the reading requirements of an altimeter for use by the pilot,
design D in this experimsnt offers the most promise, Buch an indioator should, how=
ever, have the oounter displaced approximately 90 degrees from the xero position on
the soale to prevent its being obacured by the pointer in its most common loecatiom.
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TARIR I

Fre of Brrors Ex Certain Values in the Head of
L ’nEIEE Troaa % ﬁmﬁ Indlocators

AMF pllots
fn:::?or l’br:«.:t?:rrou
design Total 100+

A 15.9 13.1
B 150 12,6
c 5.3 *5.5
D 3.5 *0.9
17.3 15.0
) 4 2l.1 22.0
1] 2.1 0.5
R 2.5 sl.7
1 %06 »0.6

3000
11.7
1.7
o} 8
0.7
U5

0,3
*1,3
00.1‘.

c

Pe
Total

20.8
17.9
*1l.L
2.1
*15.3
21.0
3.0

0.3

* Astarisk indiocates statistical significmos (at one
dence) of superiority over oconventiomal imdicator (dssign A).

ollege men

r:;t'rgrrm
100+ 1000+
8.6 17.4
W7 0129
8,6 7.7
»0.9 «0,7

*13.5 *12.9

19.1 *13.0
*1.0 0.4
*3.0 *l.5
®0,1 *0,0

roent lsvel of oonfi-
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TABLE II

Speed of Reading Altitude from Hine Bxperimental Indiocators

AP pilots Colluge men
=gy X=79
S8eoands per reeding Beoonds per reading
Altitmde Interpret Interpret Interpret Interpret
indioator & reoord only e & record mly s
dooipn
Mean - Mean ) Mean Mean
A 9.6 7.1 9.8 7.5
B w6 #6.1 9.6 7.3
c *7.3 o), 8 *7.6 5.3
D o2 1,7 sl 1,8
] 8.8 6.3 Fe2 6.9
4 8,7 5,2 2,3 #6,0
G o8 2,3 .2 *1.9
:{ o2 *1.7 : el.2 *1,9
1 2,5 *0,0 2,3 *0,0

* Asterisk indicates statistiocal signifiosnoe (at one peroent level of oocnfide
enoe) of superiority over oonventional indicator (design A).

¢ The time walwes in the "inberpres only" colum were obtained dy subtraocting
the "interpret and record” tims fer design I from the total time for the
other designs. This was doms en the essumption that design I (a simple
Veooder ocunter) vould require no imterpretation and thet the average time
per reading of this Jesign wuld give & reascmabdly socurste estimate of the
average tins oonsumed by the subjests in writing dowm their mswers, .

Ao
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2.7

6.2

15

1.0
T3els
551
20.3
T1.2
é1.1
27.8
3.0

3.8
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Memorandur Report No. TSRAA-OL~12=. Analysis of Rrrors Made By Pilots in Resding
and Interpreting Airoraft Instruments,

Memorandum Report ¥o. TSRAA-&OL-8. Design of Clock Dials for Greatest 8peed and
Aoourasy of Reading in Military &oo hour) Time Systen,

Memorandur Report No. TSEAA-GQL-#%:. Discussion of Piotorial Versus Symbolio
Adroreft Instrument Displays.
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